Together, these three strands of information help define priorities that reflect local considerations and can inform a wide range of processes, from the development of reduced impact logging guidelines to international forestry and conservation policy. The account of fish reported here provides information relevant to each of these strands by combining an extensive field study with an evaluation of local views and practices, as well as some review of what is know about the vulnerability and sensitivity of each species. Using available reference material and knowledge helps provide a body of information that is available to guide management (for a fuller discussion of this philosophy see Sheil and van Heist 2000) . It is however, the second aspect -what matters and how priorities are established -that has been so overlooked in earlier environmental science. Therefore, we will briefly introduce this topic.
There is an increasing appreciation of environmental values, including biodiversity, and their role in maintaining human well-being and economic development. Under Article 7 of the Convention on Biological Diversity, for example, signatory countries must assess and monitor their biodiversity. Despite these developments, there is little general guidance -or practical consensus -on how to proceed. The academic approach to surveys has generally been to match very specific methods to very specific questions. However, the most obvious and urgent practical questions have been too broad and multifaceted for such clear resolution. One such question, which we consider here, is 'how can we find out what we should know to make better decisions about tropical forest landscapes?' Following CIFOR's goals, we emphasize biodiversity, forest dependent people and the environment.
Much of the global concern about tropical rainforests derives from fears of major impending extinctions. Considerable efforts have focused on identifying the most important sites for protection or sensitive management. Biodiversity surveys have become a major preoccupation of conservation agencies and are increasingly included in impact assessments. However, the information generated by these efforts remains less influential than many would wish. In many tropical forest countries, the opportunity costs of large-scale conservation are considerable and local people frequently have other priorities. The notion that 'every species must be maintained at all costs' is thus a view irrelevant to many key decision makers.
A preamble regarding CIFOR's work in Malinau vi
Local decisions can only balance 'biodiversity' goals with other demands if the values and preferences of local stakeholders, especially forest dependent communities, are addressed.
Local decision makers are not the only agents of landscape changes we need to consider: outsider-led interventions can also lead to major changes for local people and the environment. Indeed, from a rural perspective, a town-based official may be viewed as much of an 'outsider' as an overseas funding agency or a foreigner-led research project. For many stakeholders, especially commercial enterprises, such as timber concessionaires and mining companies, their preferences and motivations are relatively clear and easily communicated and understood. But, when rural communities with strong indigenous cultures are considered, their needs and perceptions remain hidden to most outsiders unless a specific effort is made to uncover them.
Is there a solution to this problem? Ideally, detailed knowledge would be gained through intimate personal knowledge, but few decision makers are willing to live for long periods in the communities they will influence. What is needed is a practical method or, indeed, a suite of methods, that can reduce the understanding gap and provide a comprehensible summary of what actually matters locally. Such a approach could also determine what is important, to whom, how much, and why, as well as a means to make these local values and preferences more understandable and relevant to the decision making process.
CIFOR research is thus committed to developing an emerging paradigm in biodiversity research that fits these key objectives. Its goal is to record and assess the biophysical environment while building clear links to the needs and priorities of key stakeholders. For CIFOR, the key stakeholders are often the poor and forest dependent people that are often neglected in national development strategies. Such knowledge helps identify the priorities and needs of local stakeholders, and identifies priorities for both effective interventions and further research.
Introduction
Logging, agriculture, and activities like road construction have led to increased sedimentation, siltation, and decreasing water quality in numerous rivers around the world (Alabaster & Lloyd 1981; Rivier & Seguier 1985; Scarbovick 1993; Moring et al. 1995) . This is obviously of some concern when considering the status of fish populations, since increased suspended sediment can adhere to gill tissue and lead to respiration difficulties, with subsequent gill abrasion leading to pathogenic penetration. Suspended sediments also decrease phytoplankton, attached algae, and rooted aquatic vegetation. In addition, settled sediment may impair reproduction by inhibiting egg respiration and increasing incubation periods. Finally, according to Moring et al. (1995) , logging activity not only increases sediment load but also increases water temperature, which in turn decreases dissolved oxygen content.
Indonesia is one of the richest centres of biodiversity in the world, and Kalimantan is categorised as having one of the highest levels of biodiversity in the seven bio-geographic regions of the Indonesian Archipelago (Ministry of National Development Planning 1992). Nevertheless, knowledge of freshwater fish diversity in the Kalimantan is still largely incomplete (Kottelat 1994) .
The purpose of this study was to prepare an initial checklist of the fish in the area bordered by the Seturan and Rian rivers. This list was to be annotated with special reference to the habitats each species is found in, and an assessment of which species have importance in local communities -and for what reasons.
.
The Malinau watershed in Northeast Kalimantan is essential for local communities both as a source of food and as a means of transport. The Malinau river eventually joins the Mentarang river and becomes the Sesayap river, which empties into the Celebes Sea, a volcanic rift that falls on the Wallace line. The two main rivers sampled in this study (Seturan and Rian rivers) belong to the Malinau watershed.
Much of the Malinau area is covered by timber concessions. The principle study area is located within a 48,000 ha forest concession managed by INHUTANI II, a state-owned timber company. The climate is equatorial. Annual rainfall is c. 4,000 mm. The topography is deeply eroded with a dense network of steep ridges and drainage gullies. Soils are derived principally from alluvial deposits and sedimentary rocks. Altitudes in the main study area where surveys have been conducted range from 100 to 700 m above sea level.
Fish are important to local people
A parallel study performed by CIFOR that asked and rated the importance of all animal and plant species with seven different communities on the upper Malinau (see Sheil 2002; Sheil et al. 2003a, b, c) noted that fish (when considered as a category) came at number 12 on a list of most important animal "species" for all uses (Sheil et al. unpublished data) -however, these assessments included communities with easy access to other sources of wild meat, and the data strongly suggests that fish become more important as access to forest areas become more limited. Fish actually ranked at four (after gaharu and two timber species) as the most important species for selling. Remarkably they were not mentioned amongst the top ten most important species for food by any informants. They ranked at 11. In any case, staying for any length of time with these communities makes it clear that much fishing is done and much of the catch is eaten. It was the inability of this larger study to access information on fish -its field based 2 Because field naming of the various sampled stations was not consistent between 1999 and 2000 -creating some confusion during the preliminary analyses -we gave a 'unified' identification code for each sample.
3 RKT = Rencana Kerja Tahun (Work Plan Year) sampling and overly broad question focusing on vegetation in general and forests in particular -that encouraged CIFOR to consider a more specific study of fish.
Area surveyed and weather conditions during survey The 1999 survey was undertaken from 15-27 November and 6-12 December during the rainy season, which was marked by particularly heavy rainfall (>300 mm/month). In the morning of 20 November 1999 the water level of Seturan river rose up about 1.5 m and flooded the Seturan village. The second survey was carried out from 30 October to 27 November 2000. During the beginning of the second survey rainfall was less frequent and water levels were generally lower than for the 1999 survey. One tributary of Menalat river had no water at all and a large pond in the RKT 3 1996/1997 area was very shallow. However, by 23 November heavy rains started causing a 1.5 m rise of the Seturan river. These climatic differences were important because variations in water level between samplings might account for some of the differences noted between the 1999 and 2000 surveys. 
Material and Methods
Community-based survey A total of 22 people from three villages (Seturan, Langap and Loreh) were interviewed in order to ascertain indigenous knowledge of freshwater fish. These interviews were conducted using participatory methods, which involved showing photographs of 45 fish species and asking interviewees to rank fish species according to which were the most abundant in their catches, most abundant in their diet and which were the most preferred food species. The interviewees were also asked to list the local medicinal uses of each fish. These scoring approaches drew on parallel surveys simultaneously being applied for terrestrial resources in CIFOR's more vegetation oriented surveys (see Sheil 2002; Sheil et al. 2003a, b, c) . An additional survey examined the role of amphibians and reptiles (Iskandar 2004).
Field-based survey
Sampling stations were 50 meter-long segments of river or stream 4 where fish were gathered. In both stream and river sites, electric fishing (10 A, 12 V) was used for one hour per station for each survey. The results were recorded as "Catch Per Unit of Effort" (CPU) (Kallemeyn & Novotny 1977) . In river sites the use of electric fishing was supplemented with a cast net (2.6 m long and 2.5 cm mesh) which was cast ten times per station per survey. Some specimens of catfishes were also obtained from ponds using hooks and lines. In addition, catches of Punan fishermen were used as samples.
The physical and chemical parameters of the rivers (dissolved oxygen, pH, water temperature and conductivity) were measured at six different points for each sample site using a Kagaku Kit -UC Series Type. Depth, width, substrate, bank height, canopy coverage, water velocity and clarity were also recorded. Silt depth was measured in several logged sites (plots 27, 29, 32 and RKT 1996 (plots 27, 29, 32 and RKT /1997 (plots 27, 29, 32 and RKT in 1999 and plots 27, 29 , the mouth of Temalang river and the upper part of Bengahau river in 2000).
Collected fishes and shrimps were fixed in the field using 5-10% formaldehyde; for fishes larger than 10 cm, this solution was injected. On arrival at the laboratory of the Research Center for Biology (LIPI) in Bogor, the specimens were washed and transferred into 70% alcohol. The specimens were then measured using criteria described by Hubbs and Lagler (1974) .
Species identification was based on the key identification series outlined by Weber and de Beaufort (1913 , 1916 , 1922 ), de Beaufort and Briggs (1962 , Inger and Chin (1962) , Chin (1990) and Kottelat et al. (1993) . Comparisons of the current collection with specimen types available in Museum Zoologicum Bogoriense (MZB) were also conducted. Information on the geographic distribution or range of a species was gathered from Kottelat et al. (1993) , Kottelat and Whitten (1996), Haryono (1992) , and Tan and Wowor (2000) . Collections were later added into the permanent collection of MZB.
Water quality
The water velocity in the sampling localities varied from slow to fast. The average dissolved oxygen content ranged from 6.30 to 8.34 mg/L, average pH ranged from 6.81 to 7.09 and average water temperature ranged from 25.26 to 27.30º C (see Table 1a & b).
Over the course of the two-year survey, there were seven (unaveraged) records of sites with low oxygen levels, ranging from 1.97 to 3.58 mg/L. Such low dissolved oxygen content might be a limiting factor for fish life. According to Sylvester (1958 ) and NTAC (1968 ) in Wardoyo (1978 , a dissolved oxygen content of 4 mg/L is the threshold for good fisheries activity and fish survival. The number of fish collected at these sites did not confirm this theory, with the exception of still water sites like the ponds (plot 45 and RKT 1996/1997) and the spring (mata air asin) with 0, 1 and 1 species respectively.
In most of the logged plots, water quality parameters such as dissolved oxygen and water temperature (Table 2a & b) did not appear to be the limiting factors for fish survival, except for pond of RKT 1996/1997 in 1999 survey, the dissolved oxygen content (3.15 mg/L) was lower than the threshold value for good fishery activity and fish survival.
For logged-over stations, the turbidity ranged from 2.50-37 NTU (Nephelometric Turbidity Unit); while TSS (Total Suspended Solid), which ranged from 9-70 mg/L (Table 2a & b) , depended largely on the 5 Plot 29, with a siltation depth of 40.17 cm might receive silt particles from the discharged silt of plot 27, located upstream. 6 Plots 27, 29, and 32. (Table 2a) 5 .
Results and Discussion
Interestingly, plots 6 logged a few years ago did not show any residual evidence of turbidity above recommended levels for good fisheries. This indicates that water quality may partially recover (in terms of clarity and low siltation) following logging (Table  2a ), but could equally reflect the lower water levels during the survey period.
In conclusion, overall water quality parameters are generally within the acceptable range for fish survival even in logged-over areas.
Uses by and views of local people Food
Fish are an important element of local diets, along with bearded pig (Sus barbatus), Sambar deer (Cervus unicolor), domesticated pig (Sus scrofa) and chicken. Twenty-two villagers (Punan, Merap and Kenyah) were interviewed to ascertain the most commonly caught fish, the most commonly eaten fish and the most preferred fish ( Differences in fishing equipment depend on the species sought and the gender of the person fishing. In general men who look for larger fishes during the beginning of the rainy season will use gill nets, cast nets and spears (tumbak). Women will primarily fish for smaller species 8 during the dry season using dip nets and sometimes traps. It was also rumored that some people catch fish using potash, an activity much more destructive and prohibited by law; therefore, never openly acknowledged.
People almost always fish only for their own domestic consumption. However, some fishes fetch good market prices and are; therefore, also fished for sale. Tor tambroides has a good market price, averaging Rp7,000/kg, with a relatively wide market in the surrounding area. During the dry season, the migratory and hence seasonally scarce Pangasius species are widely fished with individuals selling for Rp15,000/kg. Such a high value, of course, increases demand for these species beyond subsistence levels.
The most consumed or preferred fish species are also disconcertingly low in abundance and in frequency of occurrence (Table 4) . Though there is little information on the fecundity, growth rates or habitat preferences of most of these species other than Tor spp., the combined high demand and apparent low abundance suggests that these fishes could be potentially vulnerable or threatened. The community members have already noted that Pangasius sp. and Tor spp., two the most widely preferred fish species, are becoming rare in the Seturan watershed.
Comprehensive data on the abundance and variation of these high value species through routine monitoring would be valuable to ensure that population numbers are kept in check. Also, since information on the population dynamics, life cycle, and ecology of these species is not well known, research on this matter would be of invaluable assistance for future monitoring efforts.
Other uses
Some fish are believed to have medicinal values. For example, eating Clarias anfractus is believed to help a woman physically recover from childbirth, while powder made from the spiny pectoral fin of Hemibagrus cf. nemurus is used to relieve toothache. Fat from the second dorsal fin of Hemibagrus can be applied to ease any wound caused by its spiny pectoral fin. In addition, the macerated flesh of Puntius sp. is believed to ease the sting of a caterpillar when applied to the inflamed skin. Table 3 . Catch, diet and preferred species
• Three questions were asked in our survey: 1) which is the most common fish caught, 2) which is the most commonly eaten, and 3) which is the most preferred.
• For each question, respondents were asked to distribute 100 seeds among the various fish species randomly listed, according to their importance.
• The average scores are the mean number of the total seeds for each fish divided by number of respondents. Over the course of the surveys, 47 species belonging to 32 genera, 13 families and 3 orders were identified in the Seturan watershed (Table 5 ). The most common families are Carp (Cyprinidae), Hill-stream loach (Balitoridae) and Bagrid catfish (Bagridae) accounted respectively for 68%, 10.63% and 6.38% of the samples. Despite the thoroughness of the sampling, seasonal variation is not well reflected. At least one important genus (Pangasius) caught and sold by the local community members was not represented in our sample, as it is a migratory fish that only inhabits the Seturan river during the dry season.
New forms, perhaps new species, of Puntius and Gastromyzon were discovered during this survey from the Seturan and Rian rivers. In addition, the survey has extended the known range of several species: Anguilla nebulosa, Neogastromyzon nieuwenhuisii, Protomyzon griswoldi, Nemacheilus selangoricus, Nemacheilus spiniferus, Nemacheilus saravacensis, Nematabramis everetti and Osphronemus septemfasciatus, none of which were previously known to occur in the Seturan river area.
There was no significant differentiation between the fish fauna of the upper and lower parts of the Seturan watershed. The upper part of the watershed was found to have 43 species, while the lower part had 41 species. The actual difference in the species composition between upper and lower rivers seems based on habitat preferences. Pangio anguilaris, Parhomaloptera microstoma and Nemacheilus spiniferus were only found in fast flowing waters up-river, while Ompok sabanus and Trichogaster trichopterus were found in muddy waters downriver. However, given the low numbers of individuals involved, this apparent difference should be considered with caution.
A comparison of the present survey with previous ones (Table 6 ) carried out in similar environments confirms its quality. The most thorough of the previous surveys (Martin-Smith & Hui 1998) shows similar species, genus and family numbers. It seems therefore reasonable to consider that we have now a comprehensive list of the fish fauna of the Seturan catchment.
The complete description of the collected taxa can be found in the Appendix 2 of this report.
Protected species
No species with a formal protected status were found during the survey. As a result of their low reproductive rates and intense local harvesting, Leptobarbus spp.
and Tor spp. deserve careful monitoring (Kottelat et al. 1993) . It is also important to note that the law prohibits export of individuals less than 5 mm of Anguilla nebulosa and A. borneensis (Tjakrawidjaja  2001) .
Restricted range species 
Species potentially vulnerable to logging
Several of the surveyed species present specific auto-ecological or biological features that might be of importance in the context of existing logging or coal-mining operations in the region.
Since demersal species live on or near the river bottom and feed on benthic organisms, they could be affected by excessive siltation created by logging infrastructure (culverts, river crossing by heavy equipment, etc.). Eels (Anguilla), spiny eels (Mastacembelus, Macrognathus), Bagrid or Sisorid catfish and hill-stream loach (Gastromyzon, Neogastromyzon, etc.) are all demersal fishes.
Among the demersal species, some have a special apparatus to fix themselves on substratum (rocks, boulders, logs, etc.) in fast flowing waters. A flattened ventral surface and down-turned mouths to graze algae characterise these species. Generally grouped under the generic names of "hill-stream loaches" or "sucker-belly fishes", they belong to three families and are not all loaches:
• Balitoridae (genera Gastromyon, Homaloptera, Neogastromyzon, Parhomaloptera, Protomyzon). These are the "true" hill-stream loach. As the name implies, these fishes come from fast flowing streams and rivers. There are dozens of species that range throughout most of Southeast Asia. They have adapted to these fast, turbulent waters by developing suction mechanisms in their bellies and fins, and down-turned mouths to graze the algae beds found there.
• Cyprinidae (genus Garra). Species of this genus include G. borneensis, one of the most abundant species in our survey, and are often referred to as "stone-lapping minnows" because of an upper-lip modified into a suctional disk.
• Sisoridae (Sisorid catfishes). The only one of these species found in our survey, Glyptothorax It is difficult to explain such a trend with only two surveys. In a first approximation, the decrease could be linked with:
• the low level of water during the majority of the 2000 survey • human disturbance
To account for the possible disturbance effect we compared the 27 stations that were measured in both years and that were not logged either before or during samplings. Ponds were also excluded as they are generally linked to obstruction of watercourses by logging infrastructures. Even in this case, the same level of decrease in numbers is observed: 1178 individuals collected in 1999 against 571 in 2000. Site-specific species like hill-stream or sucker belly loaches show a somewhat reduced decrease, especially in presence/absence, when using this subsample; indicating a possible confounding between logging and low water level effects.
It seems that the lower numbers in 2000 are likely linked to the low level of water or to inter-annual variations in populations rather than to human disturbance. This also implies that we can only readily compare disturbed/undisturbed sites within years without having to devise observation sampling regimes that can take account of temporal sources of variation.
Impacts of logging on fish fauna
Because of the preceding remark, we will study the impact of logging within a single year by comparing stations that were logged a few years before or during the survey and stations that have never been logged, excluding ponds, stations logged more than five years before the survey and specific habitats from the comparison. This gives us the following samples: • For 1999: unlogged (32 
Comparisons of logged and unlogged stations
The comparison for 1999 ( These results are coherent with the life-history of the species present and with the few available published references (Martin-Smith 1998a, b). Given their low mobility, their sensitivity to siltation and their general abundance in undisturbed sites, the sucker-belly loaches (Gastromyzon, Neogastromyzon, Protomyzon) and the stone-lapping minnow (Garra borneensis) could be used as early warning bioindicators for monitoring logging impact.
Interestingly, Awaous sp., a species with a preference for brackish waters was collected in several recently disturbed areas (RKT 2000/2001 and INHUTANI) . The banks of these sample plots had been converted into landing sites and were relatively open. Water quality measured in RKT 2000/2001 indicated that water temperature and conductivity was higher, whereas dissolved oxygen content was lower than before disturbance (Table 2a & b) . A concurrent decrease of Ostariophysian fish 9 was detected in these logged localities (Table 7) . While the presence of Awaous sp. might be due to the low water levels experienced during the 2000 survey, their invasion might also be an indicator of disturbed habitats. Monitoring is necessary to determine if Awaous sp. is really becoming dominant (following the theory of devoid niche, Myers 1951 in Inger and Chin 1962, and in Banarescu 1990) . Awaous sp. is not found in Kayan Mentarang National Park, an undisturbed protected area (Haryono 1992 , Tan & Wowor 2000 .
Logging ponds
A very depauperate fauna characterises ponds and their outlets. Merging the results of the two surveys, a total of 16 species have been recorded from this type of environment ( Betta unimaculata seems to prefer outlets and is absent or rare in the ponds proper. This species is also the only one that was collected in the mata air asin station. Seturan water catchment has high fish diversity (contained 47 fish species, 32 genera, 13 families and 3 orders) where these fishes are important to local people as food items, for sale and other purposes.
Local knowledge is clearly underlined by the fact that virtually all species recorded are known and distinguished by local informants.
Conclusion
Some species are vulnerable to local land-use changes (mainly sedimentation).
Properly planned logging activities and good fisheries appear possible at the same time. Diet: Carnivorous, terrestrial insects and aquatic invertebrates (Inger & Chin 1962 Kottelat (1984: 236, Figure 9) ; Kottelat et al. (1993:76, pl.26) Kottelat & Lim (1993:214, Figure 5) ; Kottelat et al. (1993:83, pl.28) Figure 45 ); Chin (1990 SC-17, Figure S17) ; Kottelat et al. (1993:47, pl.8) (Figure 3 ). Sexual maturity was observed in female specimens of SL=290 mm (from seven individual observed which were 190-340 mm SL). References: Weber & de Beaufort (1916:97) ; Inger & Chin (1962:64, Figure 27 ); Chin (1990 SC-9 , Figure  S7) ; Kottelat et al. (1993:50, pl.10) Habitat: Slow to fast flowing clear water with a gravel and rocky substrate, in the Seturan river. Diet: Diatoms, filamentous algae, plant fragments (Inger & Chin 1962 ; Inger & Chin (1962:84) ; Chin (1990 SC-13 , Figure S14) ; Kottelat et al. (1993:50, pl Figure 13 ); Robert (1989:54, Figure 39) ; Kottelat et al. (1993:56, pl.13) Figure 22) ; Kottelat et al. (1993:56, pl.13 ); Kottelat (1994:410) Figure  74) ; Robert (1989:60) ; Inger & Chin (1962:71, Figure  32) ; Kottelat et al. (1993:57, pl.15 (Inger & Chin 1962) Comments: Distinguished from the somewhat similar Puntius binotatus, by having six roundish black spots on the body sides: four are distributed laterally on the middle line of sides, one is at base of the anal fin and one is at base of the dorsal fin. It is endemic to North Borneo.
Hampala macrolepidota (Valenciennes in

